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\0200300 19258 #^ ^^>: 2003/12/22 

^ -¥-31tT## SKESfi *\)B-£\ ^2:^ ^ ^lS^ll- 7tH^Cf. 7^1^ 

. zz.^, ^7} i£E]^l i^JEl -a em ALD SLS. -f-Efl-^- *l£L#-g- ^<?f 

JL, if-Efl^- ^<H1 CVD «o V ^^-S. ^f-Efl^ ^l^^-a: ^^^^-5-, ^-71 -f-Efl^- v\}o] 



£ 3d 
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^020030019258 2003/12/22 

£^ tiV£^l ^lS&l ^>^1 *fl2:lHi ^ ^-Efl-e-^ ^12:^-^ {Method for 

manufacturing semiconductor memory device having ruthenium film and apparatus for 
manufacturing the ruthenium film} 

i 3a Lfl^l £ 3d^ t^S] ^Aj^oll n}-g- =l e1 )-^o. £fe aV^j ufls.^ ^}9] *]} 

£ 4^ ^ofl of el- s^-^o^ AV^ojcf. 

51 5t=t If^l tt)-€- ^11- U}E}^ £^olcf. 

100 : tiVE^l 7l^r 115 : ^1" 

140, 160 : 145,165 : 
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1 

^1020030019258 %^ <Q*}: 2003/12/22 

<io> ajc^ n)^^ *j ^3l^f# ^l^^lofl ^ 



41 OlH 



<n> t^^(DRAM), ^(FERAM)^ aVS^l ^ ^ ^flSS.^ ti l^*o v ^^ 

3 iH^l ^Ml^- 3=fe ^Efl^- ^ffol ^-g-5lJl 01^. 

<12> ol^^ ^Efl^- 3£^- -f-^fl-H- 3^1-#£: <4* — ^ ^ (sputtering) lE^b 

CVDCchemical vapor deposi t ion)AS. ^5. , ^] , CVD u o v ^£- ¥^1^ 

<13> CVD « 0 ^<H1 =E^#-g- ^^e>7l ^Htt ^-Efl^" 4l^7> ^AtMl, ^Hfl^l^ J f- 

Efl^ iiS^I, Ru(EtCp) 2 H^r Ru(0D) 3 7> ^3. oj-g-s)ji oicf. 

<14> ZL£il4, R U (EtCp) 2 l- -¥-^TET#-§- ^^>^ Ef-g-ul]. £-*fl ^ o] Olt}. ^, 

71 tr Ru(EtCp) 2 ^» ^*Rr ^-f, ^-¥-<HH^r = ^13 



26-6 



2003/12/22 



3*1 SHr^K ^71 Ru(EtCp) 2 i^7> ^4i*V ^*h°5.*r ^cflS. ^3*1 &°V, 

<15> oloflnl.^, ^^floflfe Ru(EtCp) 2 ii^l °1-S"^* ^tfl^Pl 3\*\<^ , JI^HH 

Jl 3\ A. ^, ^7} *l = 1h8r ^ 30mtorr^ ^ 1250sccm *ht-& # 

Efl^l^i ^SU, ^l^^-a- ^ ^ -B-^ °J= 0 .5Torr ^ °-} 45sccm ^£5. 4^ 

<16> ZLSiM-, £<>1 -f-Efl^- tfefo} AV^y]- 7 j ufl^ofl, JfEfl 

<17> £ 2^ f^Bfl^ 7fl3flAlE-l£) S^-fr Ji^^ ZLEfl^olcf. ^-7] ZLSfl^^r 

l-^o^ S^-g- ^olr+. £ 2 <H1 ^}^, *!^>£^- *H, ^ 

o]ofl cq-^a) xy^ 7} a^fl^g- oi^cf. oj^T!) i^j^ofl ^-f>-£ 4^0] 3^4-2) 

<18> A o V 7 ] R U (0D) 3 » ^-Efl^- iiS. AV-g-i^ ^ °-, Aj-71 R U (0D) 3 *V*fi7> tpf^ <L>4l» 
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#^ ^7}: 2003/12/22 



<19> nJ-aW, £ ^tgo] ^*}7>1 ^jis. ul^nV^ SKE*H 7l«r 

°fl -§-°l^Ml M¥ ^ Sd^r ti Jr£^l °flS-Hl afla^U-g: afl^Hr 3M 

<20> SLtb, ^-tfl^- i^JE. 

21 #3-» w o ^l ^ ^ 5Utt «K£*ll *flS-2l i^>^ ^2:^^- *H^*Kr 

<22> a o > 7 ]*V -g. wV^o) ^BT>7l iflS>o}, i^^r, «KE*11 7l# ^ofl 

^E«£l£^- ALD ^ -2-3. *l-^-§: ^*Ka, ^7} ^-Efl^- *1 = # #-^ofl CVD U 0 V ^^-S 

^Efl-H- ^#^#, #71 -f-Efl^ o)lol# g ^Efl^- ^1 = #^- ^ sflB^arH, 

#-¥" 

<23> M. ^-cgo) cf^ ^JaHH a}£^)i Bji^s) ^7V«1 *ll2:^£-, wK£*fl 7l^r # 

^1 ^Sel^l i^H ^ ^3.7} #?> ^^tVcf-g-, #?i 

ofl -§- = ^^1- ^ff ^ ^ JI , ^7} ^SSl^l i^JE. iL#5l£^- -§• = #s}- 

^ *}ZHH, ^ <3<3* ^ =L^o\], ^ °m £ %<&^ 

ALD »<M AS. -f-Efl^- *l = #-g- ^*}JI, #71 Jf-z])^ #^1 CVD ^ 
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1020030019258 W^ < U^\- 2003/12/22 

^ #^"§- ^"71 c5>^- ^ £^<Hl ^nvo. ^V 7 1 o.^n|- 

ALD ^+)<L3. ^Efl^- *l2.#-§- ^tb^, #71 ^-Efl^- ^-Jfofl CVD ^*\SL3, 

<24> ^-7] cJ-Jf ^ ^ ^-Efl^- #U=## ^^Kr #?flfe. ^-71 #2*11 7]^- ^# 

^cHl ^-Efl^- ^*>^ #7fl, ^-71 ^ ^ S.^ S}*l*Rr #31, #S3l 

7]^" ^41" ^ if" 7\^% ^*Rr #7fl, A o V 7l ^ ^1*}^ 

#31, A oM #2*fl 7]^- ^5f# #Jfofl ^ if" 7>i# ^*Kr #31, ^ #7l ^ ^ ^ 

<25> Aj-7] AV^ 7 j-^i=. 02 , 0 3 HL^r H 2 0 7}^^ ^ #7} H 2 S=fe 

NH 3 7}^ *r 91^. ^"71 #4i if- 7}^ * if- 7>^^ -fre}-^# 

€ ^ 5U#. 

<26> atb, ^ ^ #Jf -f-Efl-^ ^1"^; 5 xfl*l 50A ^ il^, 

°11##£: 50 vfl*l 300A ^flS. ^ 5^. 

<27> S^}-, ^71 ^ ^ ^-Efl^- *fl##* «§^*Rf- #3lfe, 0.4 ifl^l 0.6Torr£] 

^tsHH 1 vfl^l 50sccm^ ^ ^ 0.1 vfl*l 2ccm2l ^-tfl^- iif -^-g-S}o} ^ 

<28> #71 -fr^^r #t# ^5}-^-^ 4 s 5flch 

<29> CfS- 3*|6f| ttj-g. =L E ^ ^S^m, ^o]3El7> Cfl7l^0] B^S) 2. 

^7] B^fi^sl 21- <a#ofl a o v 7) 2-1-4 -S^l^M, *\^-% 
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^l^M. ^^*>7l fltb CVD ^» 5L^4. 

<30> (^Ajofl) 

£ g-tgfil ^AHU-^ <^e^ 7 >4 4^ ^Efls. ^ Sl^, ^$7} ^zflofl-H 

<H4tt ^3^1^- 14^, S.^^^S] ^J- ^.Cf >£^-§- 7^3l^\7] 4 

?A°)^, H'S-SMl*! -g-^t!- rii -Q-^tt -g-^tlr ^Ht!:4. .ee*!-, <h 

^ #°l 4€- %■ ^-£31 "^-"^1 5^44^ 7}Ji\S\^= ^^-°\) , 4-E" 

€ ^ &4. 

<32> ^Jf*> sug £ 3a £ 3dxr £ ^Al^ofl 4^ -f-Eflw^* aVE*)l nfls. 

31^^ A>^lo] JL, £ 5 ^ M. XfJ-tgofl 4=. ^ 44ufl £^o]4. £6^^ 

<33> £ 3a # 71^(100) tf-M afl 1 ;g<34(110)-§- ^3b4. °M , 

tiV^^l 71^(100) TlM^, ^SL^, ^ 3=sfl<?]* 5Lf"*>^ 2.^ H^^l^ ^ #7l 

2=31^4 ^7l^o.S. ^Sl^r «1B 4^1°1 Si* T 5U4- XI 1 ^4(110) vfl 

-r 1 ^^ A o V 7l 41^.^4 ^71^0.5. ^^Sl£^- ^al^l ic= -2(115)1- ^-431 y o V ^ 

^-S. ^^^4. #ei^L(115)^ ^11- #<>1, E14-H" ^2}-4(TiN)^-S. 
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*t 9X^. *fl 1 ^^^"(110) % ^^°-S- £ il^l ic-E. l-£lZl(115) 

iHM 2 ^^^"(120), ^#^(125) ^ 3 ^<a^(130)* ^*>^J15. % 

-E-J= AV5}.nV ^fl- *ll 2 ^ *fl 3 ^^^(120,130)^: , 

1"^ #e|-^p>-TE0S5|^ ^ ^#sKl25)xr *fl 2 3* *fl 3 

(120,130)^ ^ ^H«til7> 4>ol *V ^, l-ol ^5^"^ ^ 544. °1* *fl 2 

^^^•(120), ^§-3) (125) ^ *fl 3 ^^^-(130)^8r ^oll- ^^*Vcf. 

<34> cf-g-, 3 ^<gBV(i30) ( ofl^l ^s.2]( 12 5) ^ ^ 2 ^«?!^-(120)# 

i,J= ^ #5iZL(115)7> ^ ^^H, 3^ ^(135)* tb^tr^-. 

<35> 5. 3b<^l^^ ^ ^^^^13 ^<£^-(130) tf-M *\^-%- 

(140)-i- ^*j-tf. ik^Q ^)is- ^] = #(140)-a- ALDCatomic layer deposition) *&±]°-£- 
^ 5 Cfl*l 50A ^^€4. ALD *o>^H -f-iW *1^#(140)# 

, ( a ) SKE^l 7]^: -^1^ ^ , (b) s}*l*Hr ^ , (c) 

if- 7^!- ^-g-SRr ^ , (d) 5^1*1-^7 (e) ^ if" 7^# ^*Rr ^ ^ 

(f) sMS>fe ^<L3. ^ 9X^-. ^£ *|H.#(140)3 

<36> >g-7l -f-Efl^- iiSfe ofl* Ru(EtCp) 2 7V oj-g-^ ^ 54-2-^, if- 7}iSb 0 2 , 

0 3 H 2 0 7V o]-g-^ ^ ^ if- 7fiSb H 2 NH 3 7 >^ 7 > 0 1*€ 4 s ^4. °4 

71 Ai, aV 7 ) a>^ 7 >^» ^ ^AEEir ^"71 if- 7>i» *#S^ *^ofl 

*1 , <#7] *V4i ^ ^if #^n> ^-EflS. ^l^-*>^ #^^.^4. S*V, #71 ^± if 

7V^« "^^^ ^=#(140)^3] AV^o^ ^-^^-^ ^7H*>^ rt^Sr tV^. 
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<37> oje^ ^-Efl^- *1=#(140)^ ALD u o v ^ °fl sJ*H <$±9 

®3L5. ^*\}3- *lH.#-§- ^i*" ^ $a<4. 

<38> =-Efl^- *1 =#(140) ^<H1 dHo]#(i45)^- f^fVcf . if-Efl^ nfl<?l#(145)£- = 

#(140) u o v ^iL^^ n«>€- #3- 7>^1^ ^ ^^1- ^ <« €"<H, 

CVD(chemical vapor deposition) ^ $1^. 0 ]^\^t -f-^lw ^l<y#(145)£: 0.4 

^H*l 0.6 Torr^ <y-5HH , i 50sccm ^ ^ 0.1 2ccm ^f-Efl^- ±£i 

1- ^-g^H ^ ^s), ^lir °fl°J#(145)£r ^ 50 300A *M|3. ^*3r 

<39> oH, ^Efl^- ^)?J#(145)€- -f^lig- *1 = #(140)°1 #3HH f^HS, 

^^Vol^H ^ ¥^1^^- -g-°l*}7fl 

<40> cr] 7| , £ 4^ £ ^ofl nq-ef ifMl^^ ALD H 0 v ^°-5. ^-Efl^ = 

#(140)* ^S]-JL, CVD *<H^5 -f-Efl^ Dfloi#(i45)^- ^sflsf ^ til^^-tl" 

71^1 ^ofl ^-Efl^-#ol Jie^ ^aj-Sj&l}. 

<4i> i£*V, ^-Efl^- *1 = #(140) ^ -f-Efl-H" Dflo]#(i45)^- 5 ofl ^-o] 

ALD ^ CVD ^^1^ -f-efl^ afl^ #*1(200HH ^ <&v} . *M1*1 ^ 

^s]-^ , ^-Efl^- afls ^-^1(200)^ .^(transfer module:210) , H^sj) 

2- l-(210)^ an ^1 5] ^ ALD ^tH(220) ^ B^i^ 2.^(210)^ Ej-^ofl wfl^s)-^ CVD ^ 
*H (230)5. ^P-^^nf. ole^V -f-Efl^- ^12: ^1(200)^ ALD ^(220) ^ CVD ^(230)7} H$ 
^ -£l-(210)°fl ^1^-^ ^°iol ^-Efl^- = #(140) ^ ^Efl^- 
°fl°J#U45)* ^ 5M. 
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-§-, 3 ^^^ v (i30) a^o) 5j^f, > s Efl - uflo]^(i4 5 ) ^ ^Efl^- *i = # 

(140)^- 7l7fl3 <2^M, % Efl £1 *>-¥- ^^"(150)* ^^W. 

<43> cf^-, £ 3cH ^(150) ^^13 ^^^"(130) ^-*r 

<H1 ^-^1^(155)^- ^^N-JI, ^-^^ tf-M A o VJ f ^^"(170)* *§^4. oM, -fr^(155)°. 
S.$= °fl* #<H, ^# ^^-(TaO)^l °l-g-€ ^ 913- , ^ (170) SLS.^ ^ ^o] = E fl 

^-#°] °l-§-€ ^ ^7H, ^(170) ^a], ALD SLsL ^t]}^ *lJEL#(160)-g- ^ 

^ *V , Aj-j=Lofl CVD U 0 V ^ ^-El]^- ^01^(165)^. ^tb^f. 

<44> ^7lA^ ; £ 6^r 1^21 7fl^AlEiSl ^«.o. ZLSflHo]^. <#7] ?V H^E.<^ ^ SI- 

'S, ^fl^T #JjL ^ofl *11^>^ Jf-g~§- OE 4 « ^o> i3lE ^ t } ^ ^ «-oVol cfl«- 

^w^Sc ^Efl^-f^H av^ ^«.o] 71^1 ^^fl^l ^711 5H , ^ l^e) 

Al, AV^O] SJ-AJ-^. Oj-^^ - OlE^-. 

<45> opj-cHi^ ^Hl^l w>sq- ^-oi , ^ofl ^^aIe^ ^ 

^Al, ALD ^ItS" *lJ=f^ ^W^, CVD y J^Hl -M^ 

<46> o)2\.£o) t ALD « 0 V ^H1 2)f>}<^ ^-Efl^- ^1 = #^ ^Aj^-o.^ , ZL^HH *V±.% 

3r°l, *1.e=#°1 Aj-Efl^A-i cvd *<H=H1 ^-^1-5- ^ 0 J#-i: ^sKbs., ji^HIaI 
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51", 5? t^S) ^ A^P-Sl^l ^0.°S., i^JE. # 
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1] 

#5^1 #-M ^S^^l ^jel tt=L7} ^^Kg- ^*Rr #31; 

#31; 

#71 ^-Efl^- ^ofl cvd ^slf-fr *§^*Rr #31; 

#31; 

#7] ^*Hr #31; ^ 

#71 -R-#^ #-tjL6j| ^VJjL <g^sRr c+Tjll- S*)-*Rr 3* ^^-S #5L*fl 

[^f- 2] 

*fl l *cMl 91°]*], #71 ALD IH^S ^-Efl^- #U=M: ^ ^ a>}^ #31tt, 
#71 #£^1 7m #«fl -^sRr #31; 

#71 *»*H 3? #31; 

#71 #5L^1 7l# ^2l-# #^-ofl #^ if- 7}if ^*>fe #31; 

#71 *»tH ^ a#-ir s)*l*Hr #31; 

#7l #je31 7m ^sf# #^ofl 4^ if- 7}if ^-#*>^ #31; ^ 

#7l ^ ^ i4t s|*i*h=- #31* St^b 53* ^8°. 3. *>fe <jhE*H ofls. 
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1020030019258 #^ ^^>: 2003/12/22 

[^t 1 * 3] 

*)1 2 * 0 H1 &°H, a o v 7 ) av^ 7]-^^ o 2 , 0 3 £E^ H 2 0 71-^ o] ^ f7jo a ^ 

*>H*H °fl2.s) ^ycq >llS«o v ^. 
I^f- 4] 

2 iHl Si^H , #7l ^ i^ 7>i^ H 2 SEtt NH 3 7} ^91 3* ^H5-2-S ^ 
[3^* 5] 

*H 2 %H1 Ai^^i, A o V 7l *>4l if" 7>i ^ ^ if" 7>ife #2^*1 ^HflS. *fl^Tr 
3}-§- ^r^SLS. tiVS^ll oflS-Hl ^7>^ aflS^ . 

[^f- 6] 

^ 2 %H1 5U°H. A o v 7l ^Eflir *l^#£r 5 ifl^l 50 A 3# 
*>Tr *KE*fl nflS-El i^^l ^llS y o v ^. 
[^^f- 7] 

1 %H] StH^i, #71 -f-Efl^- ^ltl^ ^*Rr #3lTr, 0.4 vfl^l 0.6Torr^ «y-^*> 
*1M l ifl^l 50sccm^ ^>4i ^ 0.1 2ccm^ -f-Efl-fe- ±if ^ ^ *>fe 

S. £K£*fl nflS-al 

*fl 7 &oH, A o v 7l ^-Efl^- nflo]f^ 50 tfl*l 300A *g^*Hr 3-§r 

*m #5^1 °flS-&l ^7>^ ^) S « o V^ 
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91 

4i7>2l afl^^. 
[^T 1 * 10] 

*H 1 *<M1 5a<>H. ^-71 #Jf ^*Rr #3l*r, 

#7l -fr^ #^-<>ll ALD ^ ^Efl^- ^ S>tt #31; ^ 

#7l ^Efl^r *1« #-^ofl CVD «<K}£.S ^Ml^- *fl$]f-fr $-S*>^- ^-^11- i^Rr 3 
# «l£^l nflS-E] ^>o) ^Hjrt, 

11] 

10 %H1 SLi<H^i , #7l ALD ^-Efl^- *l = f-§- «g^Kr 
#7l «VE*fl 7l^r A oHl ^Ml^- ^» ^1; 
#7l ^ S'S-a- s)*l«Hr #3j; 

#7l ^ £ ^1; 

^ ±*}<*\ ^l^«v^ . 
13^* 12] 

11 %H1 Si^A-l, #71 7>^fe 0 2 , 0 3 5E^r H 2 0 7>^<y ?}-g- ^iL5. 
«V£*ll DflS.51 ^7f^l ^12^. 
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13] 

XI 11 «oH] , #71 ^di 5E.f" 7>-^ H 2 S^r NH 3 7>^<?1 3* ^iS <j}^ 
14] 

XI 11 * 0 H] A oM ^ S^- 7>i ^ s# 7}^ l-e}^n> ^-Efls. Xl^g-s) 

^JlS. *}^r #£.Xl XI .51 3 XlS#^. 
15] 

S}^r aVEXl Xl£-&| Xl2:«o V ^. 
[3^* 16] 

XI 10 %H1 5a<H-H , #71 -Mis- XI °J^* ^*Kr ^r, 0.4 0.6Torr^ #3*1- 

XI *\ 1 ^^1 50sccm^ a>^i 0.1 ^^1 2ccm^ -f-efl^ ±^ ^*}<X ^#*Rr ^-^-5- 
3. aVS-Xl ^7>S] Xl^^ . 

[^T 1 * 17] 

XI 18 *J-X1 9X°1*), #71 ^-Efl^- XI <?1^ 50 ifl*l 300A *f-v\]3. ^#*Rr ^* ^8 -2. 
5. S}^- «V£.X1 X1S.S1 XlS«o V ^. 
18] 

*K£Xl 71 # ^HfXl i^E^l }n2= #^H7> ^^M: ^*Rr ^Xl; 

#7l #?_> ^Xl -§-= ^Vsj-nV ^2ff <§^*Hr ^-Xl; 
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= og^-g. «§>S*Hr #31; 

^-71 *m g ^--¥-^1 ALD ^JLS ^f-Efl-^- *l2=f-fr ^*Rr 

#31; 

A oM *U=^ tf-sfofl CVD y 0 v ^ ^t]}^ *§^*Rr #31; 

#31; 

>y-7l ^ 3L#°1] -fh#^ ^*Kr #31; 

^-71 -fr^ ^°\) ALD y 0 ^-°S -f-Eflig- *lJE.## ^*Rr #31; ^ 

A oM ^Itet ^1=^ ^Ofl CVD «cHOO_iiL ^Efl^- nfl *]#-§- ^ ^* ^ 

*}^r #311- i^-^Vfe ?J-§- fi^i til^^l ^3.5} ^lS«o V ^. 

19] 

#7} #51*1] 71^ ^Hl ^*Rr #31 ; 

^"71 ^ ^ s^^r ^ *1 #711; 

A oM #.E*fl 7m ^o)} ^ 7>i# ^*Kr #7fl; 

A cM ^tH ^ ^l*}^ #31; 

^"71 #i*fi 7m -tf-M ^ if- 7}if ^f>}^ #31; ^ 

3 ^>^1 ^l^ H o V ^. 
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[^t 1 * 20] 

*H 19 %H1 ^ if- 7>i^ 0 2 , 0 3 ^tt H 2 0 7}i°l ^HJ°-S *}^r 

aVSSfl DflSsj dt*VsJ t^^. 
[^t 1 * 21] 

19 Si 0 !*!, #7l if- 7>^fe H 2 SE^r NH 3 7}^°1 ^^SLS. 

DflS-S^ 4l7>^ *fli^. 

22] 

*fl 19 Si 0 !*!, ^-71 >&4l if" 7>i ^ ^ if 7>rife #^°> ^"EflS. 

*}^r aVE*fi ^liS] i^}s] *HS« 0 ^. 

[^^f- 23] 

A 19 *oHl 5a°H, #7} ^ §J ^ #^-3] -f-^ 5 vfl*] 50A ^]S. 

^SRr 53* <5>^r a>i^l ^l-E.^ ih7>^ ^l^ y o Vt S • 

[^f- 24] 

*f| 18 *<H1 5^1, AJ-71 ^j=J. u] Aj-JjL ^°l^-g- ^*Kr #7fl^, 0.4 

ifl*l 0.6Torr£) <£}-^HH i ^x] 50sccm^ &± ^ 0.1 2ccm^ -f-Efl^ iit 

<§^SRr ^-g- ^ «V£*fl °))5L^ ^71-5] *fli«J->3. 

[^^f- 25] 

18 *<H1 Sli^l, a> 7 ) ^w. ^ aVh s Efl - cflo]^ 50 tfl^l 300 A 

^*Kr 3* ^iLJL S}tt ^£^1 ^li^ 4i7>^ 
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26] 

[^t 1 * 27] 

?fl °1 7} tfl7lf^ 2.^; 

#-8: *8>S*M ALD ^ 

^^*>7l ^tt CVD ^*H» i^Rr 3# ^ o_5L ^ ^-Efl^- ^12: 
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